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ABSTRACT 
Conjugated linoleic acid (CLA) is present in highest concentrations in foods of 
ruminant origin. Health benefits as well as changed body composition have been associated 
with feeding CLA to laboratory animals and pigs. Objectives of this study were to determine 
if feeding Ca-salts of fatty acids of CLA-rich oil would alter performance, composition, and 
quality traits of meat from finishing steers. 
Thirty mixed breed steers were randomly assigned to three treatment groups and fed 
com-based finishing diets (88% concentrate) containing 0, 1.0, or 2.5% CLA ( calculated) for 
an average of 130 days. Steers fed 2.5% CLA consumed less feed (P < .02) and had lower 
daily gains (P< .01) than did controls. 
Carcass weights tended to be reduced (P < . 06) and marbling scores were 
significantly decreased (P < .04) by feeding 2.5% CLA. There were no significant 
differences (P > .10) in dressing percentages, yield grades, and backfat measurements in this 
trial. Beef rounds were physically separated into tissue components. Dissected rounds from 
CLA-fed steers contained a higher percentage oflean tissue (P < .04) for 2.5% and (P < .10) 
for 1.0% groups. Percentages oflean in the carcasses were 73.7, 77.6, 78.8 for control, 1.0, 
and 2.5% CLA steers, respectively. CLA concentrations in lipids from fat and lean in the rib 
and round sections were increased (P < .03) from 5.2 through 6.3 mg/g fat in control to 12.4 
through 20.4 mg/g fat in steers fed 2.5% CLA. Increasing CLA in beef had no effects on 
shelflife (TBAs), tenderness (Wamer-Bratzler, sensory), and juiciness, flavor, or flavor 
intensity (sensory) of rib steaks. Although results indicate that adding dietary CLA to beef 
X 
steers decreased performance, concentrations of CLA in tissues could be increased offering 
the availability of a leaner, more healthful meat product. 
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CHAPTER 1. INTRODUCTION 
The benefits associated with eating a healthy diet have had extreme impacts on food 
animal production. Health problems have been related to the higher concentrations of 
saturated fatty acid in meat animal tissues. Thus, consumers have demanded a product that is 
not only leaner, but also helpful in the prevention of certain diseases. Efficient production of 
higher quality meat animals would require both economic and healthful incentives. 
Cooking protein-rich foods may produce heterocyclic amine mutagen/carcinogens, 
which were found in fried ground beef by Ha et al. (1987). Previous work by Pariza et al. 
(1983) revealed that :fried ground beef contained a mutagenesis modulator that inhibited rat 
liver S-9 mediated mutagenesis. Ha et al. (1987) identified this modulator as cis9, cis12-
octadecadienoic acid Oinoleic acid), which can have a conjugated double-bond system 
( designated CLA). This conjugated diene in CLA has two double bonds at the positions 9 
and 11, 10 and 12, or 11 and 13. Along with these positional changes of the double bonds, 
there are also geometric changes. The bonds can be in the cis or trans configuration. This 
18 carbon unsaturated fatty acid has a number of different isomers of linoleic acid.I 
The c-9, t-11 isomer accounts for between 75 and 90% of the total CLA in animal and 
dairy products; in plant oils less than 50% of the total CLA is the c9, tl 1 CLA isomer (Chin 
et al., 1992). Meat, milk, and cheeses all contain considerable amounts of CLA and 
generally increases in foods that are heat processed. Additionally, CLA in meat is 
considerably higher in ruminant verses nonruminant animals (Chin et al., 1992; Lin et al., 
1995). 
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CLA has been shown to have a wide range of positive health benefits. A majority of 
this interest has centered on the anti carcinogenic attributes of CLA. Other positive health 
benefits that have been demonstrated in animal models include: reducing artery blockage 
( antiatherogenesis ), enhancing bone metabolism, enhancing the immune system, and 
preventing diabetes. The possible role of CLA in antioxidant activity is still under 
investigation. 
By increasing the level of CLA in rat and mice diets, researchers have been able to 
reduce body fat and increase daily gains. In pigs, experiments with dietary CLA 
supplementation have shown decreases in backfat depth, increases in lean percentage, and 
improvements in average daily gains and gain-to-feed ratios. Continued investigations are 
looking for the most efficient ways to increase the amount of CLA in meat. 
This experiment was designed to investigate the overall effects of feeding calcium-
salts of fatty acids of CLA-rich oil to finishing steers. The objectives were to measure the 
effects of feeding CLA on steer performance, carcass characteristics, and shelf life and 
quality attributes of steaks. 
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CHAPTER 2. REVIEW OF LITERATURE 
Biological Activity of Conjugated Linoleic Acid 
Carcinogenesis 
Research has shown CLA to be a chemopreventive agent in reducing the incidence of 
carcinogenesis in laboratory animals. Ip et al. (1997) showed that in rats with an increased 
amount of CLA in target organs, mammary tumor appearance was blocked or delayed when 
chemically induced with dimethylbenz(a)anthracene. Tuyans et al. (1987) reported 
decreased risk of esophageal cancer with increased consumption of meat and dietary fat in 
human diets. CLA may regulate carcinogenesis by mechanisms affecting the different stages 
of cancer development known as initiation, promotion, progression, and regression (Belury, 
1995). Ha et al. (1990) was the first to identify the role of CLA in mouse skin carcinogenesis 
and was able to show that synthetic CLA inhibited the initiation of mouse forestomach 
tumorigenesis by benzo(a)pyrene. Furthermore, Belury et al. (1996) revealed a reduction in 
skin tumor incidence in mice fed diets containing 1.0% and 1.5% CLA. 
Studies have indicated CLA to be a powerful anticarcinogen for reducing rat 
mammary tumors. Recently, Ip and coworkers (1991) revealed that the total number of 
mammary tumors in rats fed 0.5, 1.0, and 1.5% ~LA fed was reduced 32, 56, and 60%, 
respectively, when chemically induced with dimethylbenz(a)anthracene. Research has 
shown that feeding CLA during the time of mammary gland maturation can reduce target cell 
vulnerability to carcinogen-induced transformation (Thompson et al., 1997). Exposure to 
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CLA during mammary gland morphogenesis during the adolescent period (30-60 days of age 
in the rat) may provide lasting protection against subsequent cancer risk later in life (Ip et al., 
1994). 
Diabetes 
CLA has recently been found to prevent adult-onset of diabetes in laboratory rats 
(Staach, 1998). Research indicated that rats fed 1.5% CLA for 14 days demonstrated no 
onset of diabetes, compared with the control animals (no CLA in diets) that developed 
diabetes when glucose tolerance tests were performed (Staach, 1998). An additional positive 
control group of rats was supplemented with a known anti-diabetic drug. Results indicated 
that CLA normalized glucose levels similar to the anti-diabetic drug (Ryder et al., 1991; 
Staach, 1998). 
Atherosclerosis 
Reduced development of atherosclerosis has been seen in both CLA fed rabbits and 
hamsters. Lee et al. (1994) indicated that rabbits fed 0.5 g CLA per day in conjunction with 
an atherogenic diet (14% fat and 0.1 % cholesterol for 22 weeks) reduced the severity of 
atherosclerotic lesions in the aorta. Also, CLA supplemented animals had reduced low 
density lipoprotein and triacylglycerol levels. Further work by Lee et al. (1994) observed 
smaller and thinner aorta lesions in CLA fed rabbits. CLA has also been reported to reduce 
the fatty streak area in the arteries of hamsters and reduce serum lipid levels (Nicolosi et al., 
1993; Nicolosi et al., 1997). 
5 
Immune Function 
CLA plays a role in protecting nonlymphoid cells from immune-induced damage 
(Cook et al. 1993). Sugano et al. (1998) studied the effect of CLA on the concentration of 
immunoglobulins in rats fed three diets containing either 0 ( control), 0.5, or 1.0% CLA for 3 
weeks. The CLA fed rats showed a reduction in the release of leukotriene B4 from exudate 
cells. Their study also found an increase in splenic levels of immunoglobulin A OgA), lgG, 
and IgM in animals fed the 1.0% CLA diet. Additionally, Hayek et al. (1998) indicated that 
dietary CLA enhanced in vitro T cell function. Bassaganya et al. (1999) also reported a 
cytotoxic T lymphocyte increase followed by a phase of helper T lymphocytes (CD4) 
predominance in response to feeding CLA to weanling pigs. 
Bone Metabolism 
Cytokine' s stimulation ofbone resorption has been associated with the weakening 
and wasting of bones (Pariza, 1999). Furthermore, regulation of cytokines may be beneficial 
to bone health by increasing mineral content and collagen synthesis (Pariza, 1997; Watkins, 
1999). The early studies by Watkins (1999) showed a greater bone formation in chicks when 
arachidonic acid levels and ex vivo prostaglandin E2 (PGE2) production were decreased. Park 
et al. (1997) suggested that CLA-derived eicosanoids could regulate the synthesis of 
arachidonic acid metabolites like PGE2. 
Antioxidant Potential 
Researchers are continually looking for natural antioxidants to aid in the prevention 
and treatment of diseases. CLA has been thought to have potent antioxidant activity and has 
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been shown to exhibit both in vitro and in vivo antioxidant properties (Pariza, 1991). 
However, recent reports suggest that CLA does not directly inhibit lipid oxidation, but 
instead alters the fatty acid composition of tissues in a manner which increases their 
oxidative stability (Decker, 1999). Banni and coworkers (1998) fed CLA at known levels to 
lambs and rats and found no significant antioxidant effects of CLA or for any of the animal 
models tested. 
Animal Performance and Body Composition 
CLA in diets of animals has been shown to improve feed efficiency, rate of gain, and 
body composition. Chin et al. (1994) fed female Fischer rats either control, 0.25% CLA, or 
0.50% CLA diets during gestation and lactation. The CLA incorporated the milk fat and 
tissue lipids was proportional to the level of CLA fed and the duration of CLA feeding. It 
was also shown that CLA was incorporated into fetal and neonatal tissues. The rat pups that 
nursed from mothers fed CLA had improved postnatal body weight gains. Pups that were 
continued on a CLA-supplemented diet after weaning also had significantly greater body 
weight gains and improved feed efficiencies relative to control pups. 
Park and coworkers (1997) indicated a 57% to 60% lower body fat in mice fed 5.0% 
com oil plus 0.5% CLA and a 5% to 14% increase in body lean mass relative to control mice 
fed 5.5% com oil. They related these changes to increased lipolysis in adipocytes and 
suggested that feeding a diet supplemented with CLA enhances fatty acid B-oxidation in 
skeletal muscle and fat pad. 
Further work by Belury et al. (1997) and West et al. (1998) have produced data 
suggesting that dietary CLA has an important effect on lipid transport and metabolism in 
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1mce. Belury et al. (1997) concluded that CLA fed at 1.0-1.2% by weight in high- and low-
fat diets could alter the metabolism in mice. West et al (1998) indicated that the metabolic 
changes could be the result of increased energy expenditure, a shift in the fuel mix burned, 
and a decreased body fat content. A more recent study by Park et al. (1999a; 1999b) 
concluded that reduced body fat, greater body water, increased body protein, and enhanced 
body ash can all be associated with feeding the trans-10, cis-12 CLA isomer. 
Results of pig studies were similar to those seen in laboratory animals. Dugan et al. 
(1997) fed pigs a cereal-based diet containing either 2.0% CLA or 2.0% sunflower oil. The 
CLA-fed pigs had 5.2% decreased feed intake; 5.9% improved feed conversion, and similar 
average daily gains relative to pigs fed the sunflower oil diet. Carcass measurements 
revealed 6.8% decrease in subcutaneous fat and 2.3% increase in lean gain in the CLA-fed 
animals. Dugan et al. (1997) proposed that feeding CLA to pigs repartitions nutrients from 
fat toward lean deposition. Cook et al. ( 1998) fed pigs vegetable oil ( containing 60% CLA 
isomers) and noticed a decrease in feed intake and growth, increased feed efficiencies, and a 
24% reduction in backfat at time of slaughter compared with controls animals. 
Recently, Ostrowska et al. (1999) fed growing pigs a range of CLA up to 10 g 
CLA/kg of diet. Growth rate was not affected by feeding CLA. However, the gain-to-feed 
ratio was significantly increased (P = 0.009) by adding CLA to the diets. Furthermore, 
feeding CLA increased the percentage of water in the carcass and had no effect on carcass 
protein content. Statistically, CLA-fed animals had more lean and had less fat deposition 
than those given the control diet. These results support earlier studies done by Dugan et al. 
(1997) and Thiel et al. (1998). 
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CLA in Animal Products and Animal Tissues 
Typically CLA is present in higher concentrations in foods from animals than from 
plants. Foods from ruminants tend to have the highest concentrations of CLA. Dairy 
products are recognized as a major dietary source of CLA. The concentration of CLA in 
dairy products range between 2.5 to 7.0 mg/g oflipid (Lin et al., 1995). However, CLA 
content in some dairy products of pasture-fed animals may contain up to 30 mg/g of lipid 
(Parodi, 1994). 
Dairy 
Lin et al. (1995) conducted a survey of CLA content in 15 cheeses, three other 
fermented dairy products, and four fluid milk products. The concentratio:µ of CLA ranged 
from 3.59 to 7.96, 3.82 to 4.66, and 3.38 to 6.39 mg/g oflipid in the cheeses, fermented dairy 
products, and fluid milk products, respectively. The authors concluded that processing of 
dairy products and activity of microbial reactions may be correlated with differences in CLA 
concentrations. Corl and coworkers (1999) contribute the enzyme 119 - desaturase and 
endogenous synthesis of CLA as the major precursor of CLA in milk products. 
Shantha and coworkers (1995) looked at the role of processing and storage on CLA 
concentrations in yogurt, sour cream, butter, and cheeses. Their results indicated a 1.2-fold 
and 1.3-fold increase when processed skim milk was made into nonfat yogurt and cream into 
butter. Sour cream and cheese did not show any substantial increases in CLA concentrations 
compared with unprocessed milk. Shantha et al. (1995) suggested that CLA concentrations 
(mg CLA/g fat) in some dairy products were dependent on the CLA content of the 
unprocessed raw material and the final fat content. 
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Pigs 
Kramer et al. (1998) evaluated the concentration of CLA in lipids from pigs 
supplemented with either 2.0% sunflower oil or a 2.0% commercial mixture of CLA isomers. 
This study was the first to separate and measure CLA isomers found in individual tissue lipid 
classes from test animals fed CLA. The amount of total CLA isomers in the diet directly 
correlated to the distribution of total CLA isomers isolated in both inner backfat and in 
omental, liver triacylglycerols, free fatty acids in the liver and heart, and liver cholesteryl 
esters. 
Wildlife 
Hanson and McGuire (1998) analyzed CLA content of tissues from wild animals 
from the Pacific Northwest. Of the wild ruminants, whitetail deer contained the highest 
concentration of CLA at 6.9 mg/g fat, as well as the highest percentage of fat. Other wild 
animals with high concentrations of CLA included black bears at 7.4 mg CLA/g fat and 9.5 
mg CLA/g fat in mallard ducks. The authors suggested that these animals have some level of 
fermentation in the digestive tract that enables them to obtain these relatively high tissue 
levels of CLA. Also, these results can be inconclusive due to the unknown dietary 
components consumed by the wildlife. 
CLA in Humans 
The health benefits associated with CLA prompted a human study by Huang et al. 
(1994). During this experiment, various cheeses (112 g/day) were added to the diets of nine 
men. Blood was taken and analyzed for CLA content. Plasma CLA concentrations did 
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increase significantly following the administration of cheese diets. However, no changes 
were seen in plasma concentrations of linoleic and arachidonic acids. 
Herbel et al. (1998) attempted to increase CLA concentrations in blood plasma by 
supplying 21 g of safflower oil in salad dressing for six weeks to six men and six women. 
This amount of safflower oil provided 16 grams oflinoleic acid/day (containing 10.5mg 
CLA/d). Although plasma total cholesterol and low density lipoprotein-cholesterol were 
decreased after the treatments with safflower oil, plasma CLA concentration was not 
changed. These results further support previous findings by Chin et al. (1994), who fed rats 
·linoleic acid in the triacylglycerol form as com oil and found no significant increases in CLA 
concentration in the tissues. 
McGuire et al. (1997) indicated that most of the CLA in human milk is the 
biologically active isoform: c9, tl 1. They measured the concentration of c9, tl 1 and saw 
significantly more (P < 0.0001) CLA in human milk (2.23 to 5.43 mg CLA/g fat) than in 
infant formula (undetectable to 2.04 mg/g fat). 
Lipid Metabolism in Ruminants 
Hydrolysis and Digestion of Dietary Lipid 
A wide variety of fats are found in animal diets. For grazing ruminants, chloroplast 
membrane predominantly consists of galactolipids, sulpholipids, and phospholipids; in 
contrast, animals receiving cereals or concentrates containing seed oils will be mainly made 
up of triacylglycerol (Harfoot and Hazelwood, 1997). Bacteria and microbes in the rumen 
rapidly work to digest lipids. Rumen microbes hydrolyze triacylglycerol to free fatty acids 
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and glycerol (Byers and Schelling, 1988). Typically, grain diets promote lower fractions of 
lipolytic and biohydrogenating organisms in the rumen. 
Fat in ruminant diets is typically limited to 16-20% ofmetabolizable energy due to 
the effects of fatty acids on rumen microbes, fatty acid absorption, oxidation, and feed intake 
(Palmquist, 1994). Furthermore, the degree of fat saturation restricts the amount added to 
ruminant rations (Pantoja et al. 1996). Elliott et al. (1999) conducted all experiment using 
five cannulated steers to look at the effects of saturation and esterification of fat sources on 
digestion. The authors saw a linear decrease in ruminal lipolysis of dietary triacylglycerol as 
the saturation of fat sources was increased. The disappearance of triacylglycerol from the 
small intestine was also decreased as saturation and esterification amounts became larger. 
The fatty acids that enter the small intestine of ruminants generally have been 
changed from the fatty acids in the diet. Unesterified fatty acids, usually enter the small 
intestine as highly saturated and non-ionically bound in an insoluble complex to particulate 
matter (Byers and Schelling, 1988). As a result of the low pH of ingesta in the proximal half 
of the small intestine, fatty acids are protonated and fatty acid soaps insoluble in the rumen 
are solubilized (Byers and Schelling, 1988). Eventually, fatty acids are converted into 
monoglycerides, diglycerides, triglycerides, phospholipid, cholesterol esters, apoproteins, 
and leave through these cells to the lymph system or directly into the blood (Byers and 
Schelling, 1988). 
Rumen Biohydrogenation 
Unlike carbohydrates, lipids are not fermented to volatile fatty acids in the rumen, but 
the glycerides are hydrolyzed, and the fatty acids are biohydrogenated (Harrison and Leat, 
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1975). Through biohydrogenation, unsaturated fatty acids are substrates for the microbial 
disposal of hydrogen from the reducing environment of the rumen (Byers and Schelling, 
1988). Many different fatty acids can be formed when saturation is not complete. 
Ionophores have been shown to increase the proportion of unsaturated fatty acids in ruminal 
cultures. A study by Fellner et al. (1996) reported an inhibitory response in the rate of 
biohydrogenation of linoleic acid, when dairy animals were given treatments consisting of 
monensin, nigericin, or tetronasin. 
The predominant unsaturated fatty acid in forages is linolenic acid (cis-9, cis-12, cis-
15-octadecatrienoic acid), present largely in glycolipids and to a smaller extent in 
phospholipids (Harfoot and Hazlewood, 1997). Linoleic acid (cis-9, cis-12-octadecadienoic 
acid) is the predominant fatty acid in grains, largely in triglycerides. Unsaturated fatty acids 
undergo lipolysis from triacylglycerols prior to hydrogenation; the presence of a free 
carboxyl group is absolutely required for hydrogenation to take place (Kepler et al. 1970; 
Hazlewood et al., 1976). 
Harfoot and Hazlewood (1997) explained the role of bacteria in biohydrogenation 
.occurring in the rumen and the minimal importance of protozoa. Furthermore, they 
discussed how fats incubated with rumen bacterial contents usually yield a variety of fatty 
acids in different proportions. The scheme for the biohydrogenation of linoleic acid is . 
depicted in Figure 2.1 (Harfoot and Hazlewood). 
Initially there is an isomerization oflinoleic acid producing conjugated cis-9,trans-11 
acid (CLA). This acid later undergoes hydrogenation of its cis double bond(s) resulting in 
trans-11-elaidate acid. Eventually, hydrogenation forms the end product stearic acid. The 
major bacteria involved in this pathway are: Butyrivibrio fibrisolvens, Ruminococcus albus, 
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Cis-9, cis-12 (Linoleic acid) 
tlsomerization 
Cis-9, trans-11 Conjugated diene l Hydrogenation 
Trans-11-Octadecanoic acid l Hydrogenation 
Stearic acid 
Figure 2.1. Scheme for the biohydrogenation of linoleic acid 
Eubacterium sp., and Fusocillus sp. (Fujimoto et al., 1993; Harfoot and Hazlewood, 1997). 
CLA is formed by a linoleic acid isomerase predominantly from the bacterium Butyrivibrio 
fibrisolvens (Kepler et al. 1966). 
In ruminants, tl 1 octadecenoic acid (trans-vaccenic acid; TVA) is produced through 
the incomplete biohydrogenation of fatty acids in the rumen. Recently, Sonata and 
coworkers (2000) have attributed TV A to be an important precursor of CLA in body lipids of 
mice. This particular study found that 12% of dietary TVA fed to mice was recovered in the 
carcasses as CLA. The authors suggest that most of the conversion occurred in the adipose 
tissue, since CLA was only found in triacylglycerol. Generally, dietary CLA yields CLA in 
both triacylglycerol and phospholipids 
Fatty acid composition varies in common ruminant feedstuffs. Typically, linoleic 
acid predominates most seed lipids, whereas in forages linolenic acid is usually highest 
(Palmquist and Jenkins, 1980). Palmquist and Jenkins (1980) report an exception with 
linseed oil and soybean oil, which do contain significant amounts of linolenic acid. 
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Wilkinson and Hardcastle (1973) summarized com seed fatty acid composition as being 
14.3% palmitic (16:0), 0.1% palmitoleic (16:1), 1.9% stearic (18:0), 39.0% oleic (18:1), 
43.5% linoleic (18:1), and 1.1 % linolenic (18:3) acid, respectively. While Hulan et al. (1977) 
indicated that soybean seed contains 12.4% palmitoleic, 3.7% stearic, 25.4% oleic, 50.6% 
linoleic, and 7.9% linolenic acids. 
Rumen Fat Digestion 
Research has demonstrated the effectiveness of added fat in ruminant diets. 
Significant amounts of added dietary fat increase concentrations of plasma very low density 
lipoprotein triacylgycerol (Palmquist and Jenkins, 1980). Typically, fat is either not added or 
added at less than 6 to 8% in ruminant diets partially because of decreased feed consumption 
and depressed cellulose digestibility (Johnson and McClure, 1972). 
Adding fat to ruminant diets has been used to increase both energy intake and energy 
density of diets. Fiber digestion is sensitive to rumen fermentation and fat typically reduces 
fiber digestion (Brooks et al., 1954; Davison and Woods, 1963; Palmquist and Jenkins, 1980; 
Ohajuruka et al., 1991; Ferlay et al., 1992). Most fat supplements must be used in limited 
amounts due to their inhibitory effects on rumen microbial activity (Palmquist and Jenkins, 
1980). Calcium binds with fats forming calcium salts of fatty acids (soaps) and prevents the 
fatty acids from interfering with cellulolytic microorganisms (Byers and Schelling, 1988). 
Biohydrogenation of fatty acids in calcium soap should be restricted, according to the 
conjecture that a free carboxyl group of the fatty acid molecule is a prerequisite for 
biohydrogenation reactions (Hawke and Silcock, 1969). 
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Wu and coworkers (1991) examined the comparison of feeding calcium soaps with 
animal-vegetable blended fat supplements in mature dairy cow diets. They concluded that 
fatty acids in calcium soaps were subjected to less biohydrogenation and were more 
digestible than those in animal-vegetable fat, indicating a partial protection of calcium soaps 
in the rumen. Additionally, work by Ohajuruka et al. (1991) indicated that up to 5% of the 
diet as calcium soap could be supplemented without negatively affecting rumen fiber flow, 
digestion, or efficiency of microbial protein synthesis in cannulated lactating cows. 
Studies by Ngidi et al. (1989) revealed varied implications of feeding calcium soaps 
to feedlot steers. They looked at the effects of calcium soaps of fatty acids on feedlot 
performance, diet digestibility, carcass characteristics, and ruminal metabolism of steers fed 
diets containing 0, 2, 4, or 6% calcium soaps of fatty acids. Adding calcium soap to com-
based diets did not increase gain, and dry matter intakes were significantly decreased (P < 
.04) with increasing amounts of calcium soap in the diets. No significant differences were 
seen in energetic efficiency and carcass composition. Studies by Sukhija and Palmquist 
(1990) indicate that unsaturated soaps are less satisfactory for maintaining normal rumen 
:function and support previous observations by Ngidi et al. (1989) that dissociation of 
unsaturated soaps in rumen fluid is generally higher. 
Effects of Dietary Lipids in Ruminants and Their By-products 
Myristic, palmitic, stearic, and oleic acids account for the greatest percentage of total 
fatty acids occurring in beef fat with small amounts of arachidonic acid being present 
(Dugan, 1957). Typically, CLA concentrations in raw beef steaks (ribeye and round) range 
between 3.1 and 8.5 mg of CLA/g of fat (Shantha et al. 1994). Research by Ha et al. (1990) 
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and Huang et al. (1994) have documented that CLA is incorporated into mouse forestomach 
phospholipids. 
Attempts have been made to characterize the fatty acid composition of tissues from 
ruminants fed different amounts of saturated and unsaturated fats. Edwards et al. (1961) fed 
steers diets containing either 0, 2.5%, or 5.0% added animal fat. Mean fatty acid 
composition of rib fat from steers fed the control diet was 3.5% myristic, 0.9% myristoleic, 
31.8% palmitic, 4.6% palmitoleic, 14.5% stearic, 42.2% oleic, 1.2% linoleic, and only traces 
oflinolenic acid. On average beef subcutaneous fat contained 49.8% total saturated acids, 
48.8% total unsaturated acids, and 1.3% total unknown acids. Additional classification of 
fatty acids based on chain length indicated 4.4% 14-carbon acids, 36.4% 16-carbon acids, 
and 57.9% 18-carbon acids. In relation to the control diet, the addition of animal fat to the 
diets resulted in a highly significant increase in stearic acid in rib fat. Moreover, the 
researchers reported a 5.6% increase in total saturated acids with the addition of 5.0% added 
animal fat to the diets and a 4.6% decrease in total unsaturated acids. Also, the percentage of 
fatty acids with longer chain lengths tended to be higher. In a later study by Roberts and 
Mckirdy (1964), steers during a 133-day feeding trial were fed the following: basal (control), 
basal plus 5.0% crude rapeseed oil, basal plus 5.0% crude sunflowerseed oil, and basal plus 
5.0% prime animal tallow. Perirenal fat was used to measure fatty acids instead of rib fat. 
Significantly (P < .01) more palmitic acid was found in perirenal tissues of steers fed the 
control and animal tallow diets than in steers fed the vegetable oils. There were no 
significant differences in stearic and oleic acid levels between the treatments. 
Recent experiments have reported increases in the concentration of CLA in beef 
muscle when steers were fed 2.0% and 4.0% soybean oil (Dhiman et al. 1999). Enser et al. 
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(1999) reported increased CLA concentrations in steers fed diets containing either high 
palmitic acid, high linolenic acid, high long chain n-3 PUFA, or a combination (1:1) of high 
linolenic acid and long chain n-3 PUF A. Furthermore, steers fed the high palmitic acid diet 
had a concentration of 11.3 mg CLA/100 g of fat in muscle, and this was two- to three-fold 
greater than steers given the other fat supplements. 
Johnson and McClure (1972) designed an experiment to look at fatty acid 
composition of lipids from lambs fed different amounts of fats in a 54-day feeding trial. 
Diets consisted of either roughage plus 6.0% added partially hydrolyzed animal and 
vegetable fat or concentrate plus 6.0 to 8.0% added fat. Long chain fatty acids in rumen 
contents reflected the dietary lipids. Rumen lipids from lambs fed higher amounts of grain 
contained higher proportions of stearic, oleic, linoleic acids and less linolenic acid than lambs 
fed roughage rations. Rumen lipids from animals fed hydrolyzed animal and vegetable fat 
had greater proportions of oleic acid and decreased polyunsaturated acids. Nevertheless, the 
addition of fat to the lamb diets did not influence fatty acid composition of liver and muscle 
lipids. Analysis of subcutaneous fat showed linolenic acid to be higher in the animals fed 
high roughage rations. 
Kelly et al. (1998) reported the CLA content of milk from lactating dairy cows fed 
different dietary fatty acids. Dietary treatments were the addition of peanut oil (high oleic 
acid), sunflower oil (high linoleic acid), and linseed oil (high linolenic acid). There were no 
significant differences in milk yield or milk fat content. The addition of sunflower oil to the 
diets significantly increased protein content in the milk. CLA concentrations (mg/g of milk 
fat) were 13.3, 24.4, and 16.7 with peanut oil, sunflower oil, and linseed oil, respectively. 
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Dhiman et al. (1999a) designed an experiment to see if feeding extruded oilseeds to 
cows could alter CLA content in milk and cheeses. Three diets were 13.5% soybean meal as 
the control, 12.0% full-fat extruded soybeans, or 12.0% full-fat extruded cottonseed. 
Soybean meal diets contained 2. 73 % fatty acids, while extruded soybean and cottonseed diets 
contained 4.89 and 4.56%, respectively. Cows fed the extruded soybean and cottonseed diets 
had higher CLA content in their milk and cheese, larger dry matter intakes, and increased 
3 .5% fat-corrected milk yields when compared with the soybean meal treatments. Further 
processing of the milk to cheese did not change the CLA content. 
Forage content of the diet, season, and rumen conditions influence the concentration 
of CLA in bovine milk. Precht and Molkentin (1997) investigated the influence of typical 
barn (fed dried roughage and grain) and pasture feeding (grazing fresh roughage and grain) 
of cows on trans-Cl8:2 isomer content. The milk contents oftrans-C18:2 (excluding c9, tl 1) 
and c9, tl 1 on average were 0.63% and 0.75% of milk fat, respectively. Overall, pasture-fed 
cows in the summertime had the highest percentage of trans-C 18 :2 concentrations in the 
milk. 
CLA has been reported to cause a reduction in milk fat of cattle (Griinari et al., 1999; 
Baumgard et al., 1999; Loor et al., 1998; Hanson, 1999). Loor et al. (1998) designed an 
experiment to determine the fatty acid concentration of milk in response to abomasal infusion 
of 200 g of linoleic acid or a mixture of 100 g of linoleic plus 100 g CLA (LCLA) to cows. 
CLA concentration in blood plasma at 24 hours after first infusion of LCLA was elevated 
fivefold, compared with linoleic acid infusion. Moreover, the CLA content of plasma 
triacylglycerols and phospholipids were increased 10-fold after 24 hours ofLCLA infusion. 
Milk fat yield from 24 to 72 hours was approximately 34% lower in response to LCLA 
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compared with linoleic acid. Additional analysis revealed that the amount of CLA in milk 
increased from 0.5 g/lOOg total fatty acids at O hours to 3.3 g/100 g at 36 hours in response to 
LCLA. Overall, Loor et al. (1998) concluded that CLA appeared to be a potent inhibitor of 
de novo fatty acid synthesis and desaturation. 
More recent work by Baumgard et al. ( 1999) looked at the effects of abomasal 
infusion of 10 grams/day ofcis-9, trans 11 CLA isomer and 10 grams/day oftrans-10, cis-12, 
CLA isomer on milk yield and composition in cows. Compared with the control and 9, 11 
CLA, infusion of 10, 12 CLA caused a reduction in milk fat percentage and milk fat yield. 
The treatments did not have any effects on dry matter intake, milk protein yield, or somatic 
cell content. 
A Review of Chemistry and Analytical Methods 
Numerous methods have been used to separate CLA and identify all of its isomers. 
Early studies used ultraviolet spectroscopy as a means of determining CLA (Reil, 1963; 
Dormandy and Wicken, 1987). Later studies by Shantha et al. (1993) concluded that 
ultraviolet spectroscopy yielded incorrect results when complex mixtures of fatty acids were 
analyzed. 
A common method for separating fatty acids is capillary gas chromatography (GC). 
This technique requires volatile analytes and typically allows separation of fatty acids 
through the use of the chemical reaction of transesterification of methyl esters (Fritsche and 
Steinhart, 1998). A flame ionization detector (FID) is generally used to detect fatty acid 
methyl esters (FAMEs). 
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Methylation of fatty acids can be performed using either acids (HCl, BF3, acetyl 
chloride, H3SO4), bases (NaOCH3, tetramethylguanidine, diazomethane), or combinations of 
both (Kramer et al., 1997). Kramer et al. (1997) compared acid and base methods for 
measuring conjugated dienes. Base methylation of milk fatty acids using NaOCH3 indicated 
~9c 11 t-18:2 as the major conjugated diene, with lesser amounts of 8 other isomers. All acid 
methylation procedures resulted in decreased ~9c, 1 lt-18:2 and increased ~9t, 1 lt-18:2, and 
the formation of additional peaks identified as positional allylic methoxy isomers of 18: 1 by 
GLC-mass spectrometry (MS). 
Overall, methylating with a base did not produce methoxy artifacts. However, 
NaOCH3 failed to methylate free fatty acids and N-acyl lipids, and diazomethane did not 
methylate esters. Tetramethylquanidine was found to only partially methylate lipids high in 
sphingomyelin or phospholipids. Short-chain F AMEs were not quantitatively recovered 
when tetramethylquanidine was used. Acid methods did methylate all the lipid classes but at 
the expense of isomerization of conjugated dienes and the formation of 18: 1 isomers. The 
authors concluded that methylating milk fat with NaOCH3, followed by HCl or BF3, or 
diazomethane followed by N aOCH3, would yield the most accurate identification of fatty 
acids present in milk fat. 
By using optimal conditions, long polar GC capillary columns have been shown to 
separate 10 CLA peaks (Kramer et al., 1998). Additional use of GC-MS can determine 
positions of the double bonds and support the verification of fatty acids (Sehat et al., 1999). 
Complex mixtures of methyl esters of CLA isomers, however, can be separated more 
effectively by using silver ion-high-performance liquid chromatography (Ag+-HPLC) (Roach 
et al., 1999; Sehat et al., 1999). Sehat et al. (1999) was able to show an improved resolution 
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of methyl esters of CLA isomeric mixtures. By using more than one Ag+ -HPLC column in 
series, differentiating the 18:2 from the 20:2 conjugated fatty acids and the 11,13-18:2 pair of 
geometric CLA isomers could be made. Use of three Ag+-HPLC columns was the most 
efficient method of separating CLA isomers (8 trans, 10 cis- 18-2 from 7 trans, 9 cis- 18:2 
and 10 trans, 12 cis- 18:2 from 9 cis, 11 trans- 18:2). There were no advantages of 
combining Ag+ -HPLC columns with silica, phenol, or diol columns. 
Juaneda and Sebedio (1999) used a combination of reversed-phase high-performance 
liquid chromatography (RP-HPLC) and Ag+-HPLC columns to more accurately separate 
F AMEs from liver lipids of rats fed CLA. This method allowed separation both of the non-
conjugated FAMEs (C16:1, Cl8:2, C18:3, C20:4 and C22:5) and conjugated fatty acids (8, 
12, 14-20:3, 5,8, 12, 14-20:4 and 5, 8, 11, 13-20:4). GC cannot identify and isolate the C20 
conjugated metabolites as effectively as the combination ofRP-HPLC and Ag+-HPLC. 
Recently, another method has been used to better estimate CLA isomers. Two-
dimensional nuclear magnetic resonance spectroscopy has been shown to identify CLA 18 :2 
carbon fatty acids, octadeca-10 trans, 12 cis-dienoic and octadeca-11 cis, 13 trans-dienoic 
acids in mixtures of fatty acids (Davis et al., 1999). Further isomers identified using this 
method by Davis and coworkers (1999) have enabled researchers to identify all isomers of 
CLA from 7,9 to 11,13. 
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CHAPTER 3. MATERIALS AND METHODS 
Animals and Diets 
In August of 1998, thirty-six yearling, Continental-cross steers were purchased for 
this experiment. Thirty steers weighing approximately 360 kg were assigned to outcome 
groups based on live weight and ultrasound measures of backfat (BF). Pens of steers then 
randomly assigned to dietary treatments. The steers were treated with IVOMEC™ for 
internal and external parasites and implanted with Component™ TE-S, which contained 24 
mg estradiol and 120 mg trenbolone acetate. The steers were acclimated to the control 
finishing diet. 
Treatment groups consisted of two pens of five steers in each of the following: 
control, 1.0% CLA, and 2.5% CLA. Composition of the diets is shown in Table 3.1. 
Calcium salts of CLA were fed so the supplemental CLA would be less subjected to rumen 
biohydrogenation and allow incorporation into tissue lipids. Conlinco, Detroit Lake, MN 
supplied the CLA-rich oil (containing 60.0% CLA isomers). Calcium salts were prepared by 
BioProducts, Inc., Las Vegas, NV by mixing 909.36 kg of CLA-rich oil with 226.50 kg of 
calcium oxide and 47.5 kg of water. To reach the desired dietary concentrations, the calcium 
salts of CLA (48% CLA isomers) were added to the diets (replacing com) at concentrations 
of0.0% for control, 2.07% for 1.0% CLA, and 5.17% for 2.50% CLA diets. The three diets 
were formulated to be approximately equal in protein, fiber, vitamin, and mineral content. 
All ingredients were mixed and fed twice daily as total mixed diets. Animals were fed 
according to appetite, and each day feed refused was removed from the bunks. Periodic 
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Table 3.1. Composition of the diets (% of dry matter). 
Ingredient 
Cracked com 
Alfalfa pellets 
Cane molasses 
SBM 
Urea 
Limestone 
Salt (NaCl) 
Trace minerals 
VitaminAa 
Rumensin 80b 
Elemental sulfur 
Ca salts of CLA 
Control 
78.93 
11.94 
1.46 
4.99 
.69 
1.55 
.30 
.024 
· .08 
.019 
.022 
1.0% 
77.23 
11.92 
1.46 
5.25 
.69 
.94 
.30 
.024 
.08 
.019 
.022 
2.07 
aProvided 3,080 IU ofvit. A per kg of dry matter. 
bProvided 30.8 mg of sodium monensin per kg of dry matter. 
2.5% 
74.72 
11.89 
1.46 
5.63 
.69 
.30 
.024 
.08 
.019 
.022 
5.17 
samples of the mixed feeds and samples of all discarded feed from bunks were collected for 
analysis and determination of dry matter. Dry matter was determined by drying in a 
convection oven at 72°C for a period of24 hours. Feed intake was calculated by the 
difference between feed offered and feed removed from the bunks. 
Steer weights were taken 39 days prior to the study and at 35, 56, 84, and 105 days 
after feeding the experimental diets. Final weights were taken early in the morning on the 
day of harvest. Fat thickness and ribeye area (REA) were measured by ultrasound scans 
obtained with a Pie Scanner 200 (Classic Ultrasound Equipment, Tequesta, Florida) equipped 
with a 3.5 MHz, 18 centimeter linear array transducer. These scans were obtained 25 days 
prior to feeding CLA and at 18 and 106 days after CLA treatments were fed. 
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Carcass Measurements 
All of the steers were harvested based on thickness of backfat and live weight. The 
order of steers being processed after being fed CLA is given in Table 3.2. Due to difficulties 
at the initial packing plant (Amend Packing Co., Des Moines, IA), a modified schedule and a 
different plant (Caldwell Packing Co., Windom, MN) was used for the remaining steers. The 
cattle were on trial an average of 124 days for control groups and 133 days for the CLA-fed 
steers. 
Table 3.2. Number of steers harvested at certain time points 
Days on trial until slaughtered 
Diet 108 days 115 days 122 days 153 days Ave. days fed 
Control 2 2 4 2 124 
1.0% 2 2 1 5 133 
2.5% 2 2 1 5 133 
Average 6 6 6 12 130 
Following slaughter, hot carcass weights (HCW}were obtained. No further 
measurements were recorded until after a 48-hour postmortem chill. At this time, BF and 
REA were measured between the 12th and 13th ribs on the left half of the carcasses using a 
beef grid and ruler. Intramuscular fat (marbling), yield grade (YG), and the percentage of 
kidney-pelvic-heart (KPH) fat were called by a USDA federal meat grader. HCW, BF, REA, 
and% KPH were incorporated into a standard equation for determination ofYG. Marbling 
was changed to a numerical score with 400 being equivalent to Small0 (Low Choice), and 
100 being the increment between grades. Therefore, higher scores would correlate to more 
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marbling and a lower score would indicate less marbling. Dressing percentages were 
determined·from weights recorded at the farm. 
Carcass Evaluation 
The right hindquarter was returned to the Iowa State University Meats Laboratory 
(Ames, IA) for further separation. The USDA Technical Bulletin. 926 (1946) was used as 
the standard cutting procedure. Using this method, the loin was split from the round on a line 
approximately 1.27 cm forward of the pelvic bone and slightly forward of the trochantar 
major of the femur. The cut crosses the forth-sacral vertebrae and takes a small piece off the 
head of the femur in the coxofemoral joint. The round was dissected into lean, fat, and bone 
for chemical analysis and was used to estimate carcass composition with the equation, 
separable lean/side= 137.62 + 2.94(separable round lean- 37.44), developed by Cole et al. 
(1960). Additionally, the 13th rib longissimus dorsi muscle and fat (1.27 cm thick) were 
taken and stored at 1 °C in polypropylene sterile sampling bags for chemical analysis. The 
short loin was split from the loin in front of the hipbone (tuber coxae of the ileum). This 
allowed the boneless strip loin to be removed for later analysis and sensory evaluation. 
Meat Evaluation 
The beef strip loins were stored for 17 days post harvest at 1 °C. At this time, 
subcutaneous and intermuscular adipose tissue surrounding the strip loin was removed. 
Longissimus dorsi steaks from each steer were cut, covered with polyvinyl chloride (PVC) 
oxygen-permeable overwrap, and aged an additional 1,2, 3, and 7 days at 2°C in a self-serve 
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cooler. After aging, steaks were vacuum packaged and stored at -30°C. Steaks were used 
for Warner-Brazler Shear (WBS), lipid oxidation, Hunter Color, and sensory panel analysis. 
Steaks used for WBS analysis were cut 2.54 cm thick. The WBS procedure was 
followed according to the research guidelines published by the American Meat Science 
Association (AMSA, 1995) in cooperation with the National Livestock and Meat Board. 
Samples were brought to room temperature (23.9°C) and broiled on a General Electric® 
model CB60 broiler and heated to an internal temperature of 70°C. An Electro-therm Digital 
Thermometer (TM99a TCl00a) measured all steak temperatures. Following cooking, steaks 
were wrapped with PVC oxygen-permeable overwrap and were cooled for 24 hours allowing 
them to adjust to 2°C. Six random 1.27 cm diameter cores were taken parallel to the muscle 
fiber direction. Peak shear force.values were recorded with an Instron universal testing 
machine (model 4502) controlled by a model 4500 computer assist module (lnstron, Canton, 
MA). Warner-Bratzler shear force has been shown to effectively express myofibrillar 
component toughness and measure tenderness in beef steaks (Moller et al., 1981; Williams et 
al., 1983; Vanderwert et al., 1989; Morgan et al., 1991; Wulf et al., 1996; Boleman et al., 
1997; George et al., 1997; Mir et al., 1997; Shackelford et al., 1997a; Shackelford et al., 
1997b; Whe,der et al., 1997). 
The steaks used to measure lipid oxidation were cut 1.27 cm thick. Oxidation of 
oxymyoglobin (MbO2) and myoglobin (Mb) to the brown ferric metmyoglobin (MetMb) 
produce an undesirable brown color in cut meat (Greene, 1969; Ledward and Macfarlane, 
1971; Brewer and Wu, 1993). The extent of oxidative rancidity in the steaks was determined 
by measuring malonaldehyde levels through thiobarbituric acid (TBA) and the procedures 
described by Tarladgis et al. (1960) with one modification. After approximately 45 ml had 
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been distilled from the sample, the distillate was transferred to a 50 ml volumetric flask and 
brought to volume. 
Color of beef muscle for this experiment was measured using procedures described in 
previous reports (Hunt, 1980; Wulf and Wise, 1999). In this study, steaks for Hunter color 
and sensory panel evaluation were cut 2.54 cm thick. Each steak was measured at four 
locations with a 1.27 cm apperture, D65 light source, and 10° observer for color 
determinations (CIE, 1976) using a Hunter LabScan (HunterLab, Reston, VA). CIEL*, a*, 
and b* values were recorded on days 0, 1, 2, 3, and 7 in the self-serve cooler. L * values refer 
to the degree of lightness and varies from 100 for perfect white to zero for solid black. 
Redness is measured by the a* value. This value becomes more positive when higher in 
redness, gray when at zero, and more green as the value becomes negative. B* values are 
positive when the sample is yellow, gray when zero, and blue when a negative value. After 
color determinations, steaks were vacuum packaged and stored at-30°C for sensory panel 
evaluation. 
Samples used for sensory evaluation were brought to room temperature (23.9°C) and 
broiled on a General Electric® model CB60 broiler and heated to an internal temperature of 
70°C. An Electro-therm Digital Thermometer (TM99a TCl00a) measured all steak 
temperatures. A consumer sensory panel consisting of 15 to 17 persons per session evaluated 
tenderness, juiciness, :flavor, and :flavor intensity. Consumer sensory panels are frequently 
used to measure quality of beef steaks (Huffman et al., 1996; Boleman et al., 1997). A 
sample of the sensory evaluation sheet is given in Appendix A. Each panelist was given two 
1.25 cm3 sections of each cooked steak. An eight-point scale was used to measure each 
characteristic (AMSA, 1995). Eight being extremely tender,juicy, :flavorful, and intense 
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flavored, and one being extremely tough, dry, off flavor, and bland, respectively. Juiciness is 
an indication of the amount of juices released from the muscle upon chewing. Tenderness 
relates to the amount of force required to bite through a sample. Flavor correlates to the 
degree of beef taste the panelist senses and flavor intensity measures the intensity or 
blandness of flavors. Steaks were randomly selected and all treatments were represented in 
each of the eight sessions. Eight steaks were evaluated in each session, with the exception of 
the last session when four were evaluated. Red fluorescent lights were used to eliminate any 
personal biases due to the color of the sample. 
Protein and Lipid Analysis 
Crude protein in fat and muscle from the round was determined using a selenium 
catalyst and AOAC (Proc. no. 988.05; 1990) Kjeldahl method for nitrogen determination. 
The separated round fat and lean tissue was dried at 72°C for 24 hours, and lipids were 
extracted with hexane using two grams of pulverized samples and AOAC (Proc. no. 960.39; 
1990). Fat andlean tissue samples were also extracted using chloroform/methanol (2:1, 
vol.vol) in the modified Folch method (1957). This procedure was also used for extraction of 
lipids from feed. This method is given in Appendix B. The lipids extracted using this 
method were stored at -20°C under nitrogen gas until needed for determination of fatty acid 
composition. Lipids were methylated with sodium methoxide (Li and Watkins, 1998). The 
modified Li and Watkins method used in this procedure is explained in Appendix C. 
Fatty acid methyl esters (FAMEs) were analyzed using a gas chromatograph (Varian 
3350; Varian chromatography systems, Walnut Creek, CA). The conditions for gas 
chromatography are given in Appendix D. All FAMEs contained an internal standard 
29 
(methyl 10-heptadecenoic acid; Nu-Chek-Prep, Elysian, MN). Fatty acid peaks were 
identified by comparing their retention times with individual standard fatty acids and 
mixtures of fatty acids in reference standards prepared by Nu-Chek-Prep, Elysian, MN. 
Statistical Analysis 
The experimental model was a randomized design. Data were analyzed by the GLM 
and ANOV A procedures of SAS (1990). In this study, the pen of steers was used as the 
experimental unit for both feed intake and feed efficiency. All additional statistical analysis 
were based upon the individual animal as being the experimental unit. Differences between 
treatment means were determined through the use of orthogonal contrasts. P-values less than 
0.05 were considered significant, while a trend or tendency was indicated at P < .10. Data 
with P-values greater than 0.10 were considered not significant. 
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CHAPTER 4. RESULTS AND DISCUSSION 
Growth and Carcass Characteristics 
Performance of the steers is summarized in Table 4.1. Steers fed CLA gained less per 
day than control animals (P < .01). When fed 2.5% CLA, feed intake was significantly 
(P < .02) lower than control animals. A similar trend was noticed between the 1.0% CLA 
and control animals (P < .06). Ngidi et al. (1990) has seen significantly (P < .04) decreased 
average daily gains (.21 kg/d less) when 6.0% calcium soaps oflong-chain fatty acids were 
added to high-concentrate diets of steers. Furthermore, increasing calcium soap in their 
study resulted in a decrease in daily dry matter intakes. Feeding up to 5.0% of dietary dry 
matter as calcium soap to dairy cows, however, did not affect dry matter intakes (Ohajuruka 
et al., 1991). Calculating feed to gain ratios revealed a trend (P < .08) for higher feed 
consumption per kilogram of gain for 1.0% CLA fed steers than other cattle. Typically, feed 
to gain ratios are decreased when fat is added to finishing cattle diets (Brandt and Anderson, 
1990; Bartle et al., 1994; Krehbiel et al., 1995; Richards et al., 1998). 
Chin et al. (1994) observed greater body weight gains and feed efficiencies in rats fed 
0.25% or 0.5%CLA-supplements, compared with animals fed control diets. However, West 
et al. (1998) reported a significant decrease (P < .005) in both growth rate and energy intake 
of mice fed 2.46 mg CLA/kcal of diet. Dugan et al. (1997) fed 2.0% CLA to pigs and 
reported a decrease in feed intake, improved feed efficiencies, and similar growth rates 
relative to pigs fed a diet containing 2.0% sunflower oil. Cook et al. (1998) has seen similar 
results in pig studies. Overall, the majority of CLA research has indicated either no effect or 
Table 4.1. Feedlot steer performance. 
Item 
No. steers 
Starting weight, kg 
Ending weight, kg 
Average days fed 
Daily gain, kg 
Dry matter intake, kg/d 
Feed/Gaine 
Control 
10 
429 
616 
124 
1.5a 
11.2a 
7.4a 
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Diets 
1.0% 
10 
426 
585 
133 
1.2b 
9.9a,b 
8.6a 
2.5% 
10 
428 
585 
133 
1.2b 
9.0b 
7.6a 
a,b Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
e Dry matter basis 
.08 
.31 
.27 
.23 
1.38 
1.22 
an increase in growth rate when CLA is added to pig diets (Dugan et al., 1997; Dunshae et 
al., 1998; Ostrowska et al., 1999; Thiel, 1999). 
The carcass measurements are presented in Table 4.2. Carcass weight as a percentage 
of live weights taken at the farm ( dressing percentage) did not differ among treatment groups 
(P > .01). There was a tendency for steers fed 2.5% CLA to have lower carcass weights and 
marbling scores than did the control animals. Although the differences between 1.0% CLA 
fed cattle and the other two groups were not significant (P > .10), a statistical trend of less 
USDA Choice animals was seen between control and 2.5% steers (P < .08). Measurements 
of YG and BF did not differ among treatments. Research in feeding CLA to pigs has 
indicated statistical decreases in backfat with CLA supplementation (Dugan et al., 1997; 
Cook et al., 1998; Ostrowska et al., 1999; Thiel, 1999). REA tended to be smaller in the 
2.5% CLA fed cattle (P< .08). Likewise, studies by Cook et al. (1998) and Thiel (1999) 
reported no significant differences in loin eye areas of pigs fed CLA. 
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Table 4.2. Carcass measurements of control and CLA-fed steers. 
Diets 
Item Control 1.0% 2.5% 
Carcass wt., kg 375a 354a 348a 
Dressing% 60.8a 60.5a 59.4a 
Marbling scoree 424a 391 a,b 368b 
Percent Choicl 60a 50a 20a 
Yield grade 2.2a 2.la 1.9a 
Backfat, cm 1.08a 0.87a 0.78a 
REA, cm2 84.5a 84.8a 77.0a 
a,b Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
SEMC LSDd 
9.51 27.56 
0.79 2.28 
17.58 50.97 
15.53 45.02 
0.20 0.60 
0.12 0.35 
2.89 8.39 
d Least significant difference (P < .05). 
e Slight 0 = 300, Small 0 = 400, etc. 
f Percentage ofcarcasses grading USDA Low Choice or higher (marbling score Small0 or 
greater). 
Body Composition 
Weights of rounds or separated lean from the rounds did not vary among treatments 
(Table 4.3). Separated lean expressed as a percentage of round tended to be increased by 
adding CLA to the diet (P < .06). Fat separated from the round was less in 2.5% CLA 
treatment than control (P < .01) and steers fed 1.0% CLA (P < .08). This difference was 
even greater when the separated fat was expressed as a percentage of the round. There was a 
tendency for bone weights to be greater in steers fed 2.5% CLA than other treatment groups 
(P < .08). 
Carcass lean calculated from compositions of the round was similar for the three 
treatments (Table 4.3). When calculated carcass lean was expressed as a percentage of hot 
carcass weight, 2.5% CLA-fed steers had significantly more lean tissue (P < .04) than 
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Table 4.3. Data of round separation and calculated carcass lean. 
Diets 
Item Control 1.0% 2.5% SEMC LSDd 
Physical seuaration of tissues 
Round weight, kg 42.64a 42.41a 42.19a 1.18 3.43 
Separated lean, kg 27.85a 28.43a 28.38a 0.97 2.81 
Separated lean, % of round 65.21a 66.86a 67.33a 0.75 2.17 
Separated fat, kg 6.88a 6.47a,b 5.61b 0.31 0.91 
Separated fat, % of round 16.23a 15.27a 13.2i 0.68 1.99 
Bone, kg 7.62a 7.35a 7.96a 0.23 0.67 
Bone, % of round l 7.92a,b 17.36a 18.88b 0.46 1.33 
Calculated carcass lean 
Lean in carcass, kg 275.72a 274.46a 273.15a 6.97 20.20 
a,b Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean (P < .05). 
d Least significant difference. 
controls. Also there was a trend for steers fed 1.0% CLA to be leaner than controls (P < .10). 
Summary of percentage lean in the carcasses is shown in Figure 4.1. 
The amount of protein in the separated lean of steers fed CLA was higher than control 
groups (Table 4.4). Although the protein concentration in the separated fat was also higher, 
differences were not significant (P > .10). The percentages of fat in the lean and separated 
fat were not affected by adding CLA to the diets. 
In previous experiments, CLA has been shown to alter carcass composition. Studies 
have indicated reductions in body fat in mice (Pariza et al., 1996; Park et al., 1997, 1999a, 
1999b; West et al., 1998). Similar results have also been found in both rats (Houseknecht et 
al., 1998; Sisk et al., 1998) and in pigs (Dugan et al., 1997; Cook et al., 1998; Dunshea et al. 
1998; Ostrowska et al. 1999, Thiel et al., 1999). 
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Figure 4.1. Percentage lean in steer carcasses. 
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Table 4.4. Chemical composition of rounds (dry basis). 
Diets 
Item Control 1.0% 2.5% 
Protein in separated lean, % 74.5a 7g.3b 77.3a,b 
Lipid in separated lean, % I4.5a 13.0a 13.2a 
Protein in separated fat, % I l.0a I I.7a 13.l a 
Lipid in separated fat, % 87.5a 86.2a 84.8a 
a,b Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
SEMC LSDd 
1.07 3.I2 
0.94 2.72 
1.I8 3.43 
1.05 3.05 
Ostrowska et al. (1999) observed no effect on body ash, however, body water and 
protein were both higher when CLA was fed to finishing gilts. Park et al. (1999a) reported 
increases in body ash, water, and protein in mice fed the trans-IO, cis-I2 CLA isomer. 
However, West et al. (1998) indicated no effect on body ash, increases in body water, and 
decreases in carcass protein in mice when feeding 2.46 mg CLA/kcal of diet. The 
explanation for the discrepancy between these two studies has not been determined. 
Park et al. (I999a) concluded that the effects of CLA on body composition are 
correlated to the trans-IO, cis-I2 CLA isomer and enrichments of diets with the cis-9, trans-
I I isomer were not associated with the observed changes in body composition of gilts. In 
cultured 3T3-LI adipocytes, the trans-IO, cis-I2 isomer decreased lipoprotein lipase activity, 
intracellular triacylglycerol and glycerol, and enhanced glycerol release into the medium 
(Park et al., I999a). Park et al. (1999a and I999b) hypothesized that the effect of CLA on 
body composition may be the result of changes in adipocytes, skeletal muscle cells, or even 
reductions in feed intakes. 
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Sensory Panel Analysis 
Steak samples were evaluated for tenderness, ju.iciness, flavor, and intensity of flavor. 
Final results revealed no significant differences between steaks in the three treatment groups 
(Table 4.5). 
Table 4.5. Sensory evaluation of beef steaks. 
Diets 
Item Control 1.0% 2.5% 
Tenderness on day 1 e 5.26a 5.13a 5.21a 
Tenderness on day 7 5.67a 5.40a 5.34a 
Ju.iciness on day 1 4.81a 5.09a 4.92a 
Ju.iciness on day 7 5.06a 5.06a 5.lla 
Flavor on day 1 5.47a 5.36a 5.47a 
Flavor on day 7 5.16a 4.71a 4.77a 
Flavor intensity on day 1 5.27a 5.24a 5.31a 
Flavor intensity on day 7 5.22a 5.27a 5.28a 
a,b Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
e Days refer to the number of days aged in the self-serve cooler at 2°C. 
Meat Color Evaluation 
SEMC LSDd 
0.25 0.71 
0.25 0.74 
0.24 0.68 
0.20 0.59 
0.12 0.35 
0.18 0.52 
0.16 0.47 
0.12 0.33 
Reports by Lynch et al. (1986) claim that 74% of consumers indicated meat color to 
be an important factor in their purchasing decisions and bright red color to be associated with 
beef freshness. Data for color ~alysis are presented in Table 4.6. Steaks from steers fed 
2.5% CLA were statistically lighter at day 1 and day 7 in the self-serve cooler (P < .03). 
Otherwise, no significant differences in lightness scores were seen between the steaks. 
Redness and yellowness analysis of beef steaks indicated statistical differences at day 1 and 3 
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Table 4.6. Beef steak color evaluation. 
Diets 
Item Control 1.0% 2.5% 
Lightnessr, day oe 32.6a 31.9a 33.2a 
Lightness, day 1 31.2a 31.0a 33.7b 
Lightness, day 2 31.6a 31.1 a 33.0a 
Lightness, day 3 31.4a 30.2a 31.8a 
Lightness, day 7 32.6a 32.5a 38.lb 
Rednessg, day 0 18.3a 18.5a 18.3a 
Redness, day 1 17.7a 16.2b 16.9a,b 
Redness, day 2 16.5a 15.9a 15.7a 
Redness, day 3 13.0a 13.4b 16.1 a,b 
Redness, day 7 9.7a 8.0a 8.8a 
Yellownessh, day 0 11.2a 11.oa 11.5a 
Yellowness, day 1 10.7a,b 10.2a 10.9b 
Yellowness, day 2 10.4a 10.3a 10.6a 
Yellowness, day 3 9.5a 9.7a 10.9b 
Yellowness, day 7 9.3a 9,2a 10.6a 
a,b Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
e Days refer to the number of days aged in the self-serve cooler at 2°C. 
f Lightness, 100 = white, 0 = black. 
SEMC 
0.58 
0.69 
0.79 
0.88 
1.65 
0.40 
0.47 
0.71 
0.99 
1.26 
0.20 
0.22 
0.37 
0.39 
0.61 
g Redness, redness when positive, gray when zero, greenness when negative. 
h Yellowness, yellowness when positive, gray when zero, blueness when negative. 
LSDd 
1.70 
2.01 
2.28 
2.56 
4.79 
1.16 
1.35 
2.07 
2.86 
3.66 
0.57 
0.65 
1.09 
1.13 
1.76 
(P < .03), nevertheless, this study provides no substantial evidence that CLA supplementation 
in steer diets altered beef muscle color. 
Warner-Bratzler Analysis 
The Wamer-Bratzler shear force values are presented in Figure 4.2 and in Appendix 
E. The physical force required to shear the cooked steaks revealed that all were tender 
according to previous research by Huffman et al. (1996), Boleman et al. (1996), George et al. 
(1997), and Shackleford et al. (1997b). Steaks from steers fed 1.0% CLA that were aged 1 
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Figure 4.2. Tenderness analysis using a Wamer-Bratzler Shear. 
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day in the self serve cooler were significantly less tender than steaks from the other treatment 
groups (P < .02). However, there was a trend for these 1.0% CLA steaks to become more 
tender from day 1 to day 7 in the self-serve cooler (P < .06). Otherwise, no significant 
differences were seen between any of the steaks. Williams et al. (1983) reported similar 
shear force values in beef roasts aged 1, 2, 3, and 7 days. 
Lipid Oxidation Analysis 
Malonaldehyde equivalents (TBA) in this study increased over time. The results of 
lipid oxidation in the longissimus muscles of steers fed the three treatments are shown in 
Figure 4.3 and Appendix E. At day 1 in the self-serve cooler, TBA values of the 1.0% CLA 
steaks were significantly lower than the other treatments (P < .05). CLA had no significant 
effect on oxidative rancidity in the beef steaks during the remaining postmortem aging 
periods (P > .05). Keller and Kinsella (1973), Akamittath et al., (1990), and Wheeler et al., 
(1990) reported increases in beeflipid oxidation during storage (0 to 6, 0 to 16, and O to 25 
weeks stored, respectively). 
Fatty Acid Composition in Tissue Lipids 
The concentrations of fatty acids present in the rib and round tissues are given in 
Appendix F and G. Feeding calcium salts of CLA significantly increased (P < .03) tissue 
concentrations of this fatty acid compared with tissues from control animals. CLA 
concentrations in this study were increased from 5.2 through 6.3 mg/g fat in control rib and 
round tissues up to 12.4 through 20.4 mg/g fat in steers fed 2.5% CLA. Comparisons of 
CLA concentrations in the tissue lipids are presented in Figures 4.4, 4.5, 4.6, and 4. 7. 
4.5 
4.0 - )I (I) -u ,,, tll 3.5 s ,,, ,,, 
3.0 ,,, (I) 
/ R 2.5 ..... -· .. - . -el:! 2.0 .. -i::: ......... 0 - ....,... .. ,.....-el:! .. s . -1.5 -. - .. bl) s <~ 1.0 
+S-0.5, I .--- 0 
0.0 
1 2 3 7 
Days in self-serve cooler 
+-Control - -11- 1.0% • 2.5%] 
Figure 4.3. Measuring oxidation of steaks. 
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Figure 4.4. Amount of CLA in lipids extracted from rib fat. 
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Figure 4.5. Amount ofCLA in lipids extracted from rib lean. 
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Figure 4.6. Amount of CLA in lipids extracted from round fat. 
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Figure 4.7. Amount of CLA in lipids extracted from round lean. 
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Ip et al. (1994) suggested that 3 g CLA/day would be required by humans for cancer 
protection. Further work by Enser et al. (1999) has recently reported that 30 mg of CLA in a 
100 gram beef steak would offer similar cancer protection. Results from our study indicated 
that trimmed lean from the round (3.5% lipids) consisted of 36 mg CLA/100 g of wet tissue 
for 1.0% and 44 mg CLA/100 g wet tissue for 2.5% CLA fed steers. Trimmed muscle from 
the rib of 1. 0% CLA fed steers contained a higher percentage of fat ( 5. 6%) and a 
concentration of 60 mg CLA per 100 g of wet tissue. The 2.5% CLA fed steers (5.3% fat) 
contained 87 mg CLA per 100 g of wet tissue. 
Corl et al. (1999) reported that A9-desaturase might be responsible for the synthesis of 
CLA in animal tissues. These authors designed an experiment to examine the synthesis of 
CLA in lactating dairy cows through abomasal infusion of sterculia oil. The researchers 
indicated that not only was linoleic acid converted to CLA in the rumen, but trans-11, fatty 
acids were also converted to CLA through A9-desaturase activity. Additionally, the amount 
of CLA in the milk fat was reduced by 40% and the stearic acid to oleic acid ratio increased 
by 181 % when A9 -desaturase was inhibited. Li et al. (1998) also reported decreases in 18: 1 
and 18 :2 fatty acids in bone tissues when liver A9 -desaturase activity was inhibited by CLA. 
Myristic, palmitic, stearic, and oleic acids account for the largest portion of total fatty 
acids occurring in beef fat (Dugan, 1957). The saturated fatty acids (myristic, palmitic, and 
stearic) in the CLA-fed steers were all increased compared with those of control animals. 
Incorporating dietary CLA into tissues of other experimental animals have also indicated 
similar shifts toward more saturated fat (Chin et al., 1994; Park et al., 1997; Thiel,-1999). 
The results from this experiment revealed that feeding calcium salts of CLA significantly 
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increased (P < .05) myristic in both the rib and round. Furthermore, although not statistically 
significant (P > .05), palmitic and stearic acids were both numerically increased. 
The monounsaturated fatty acid, oleic acid, was significantly decreased (P < .05) in 
lipid extracted from the rib and round lean and fat separated from the rib. Steers fed the 
1.0% CLA diet had more linoleic acid in their rib and round tissues than did the steers fed 
2.5% CLA and significantly more (P < .05) in the rib tissues and fat physically separated 
from the round of controls. Linolenic acid was significantly increased (P < .05) in the fat 
separated from the round in the 1.0% CLA-fed steers compared with controls. 
Concentrations of this fatty acid in other tissues were not affected ( P > .05) by the addition 
of CLA to the steer diets. 
Arachidonic acid was not significantly influenced (P > .10) by the addition of CLA to 
the diets. Actual amounts of arachidonic acid present in the tissue were relatively low, with 
lipids extracted from lean tissues containing approximately 9.1 to 10.5 mg/g fat and between 
0.7 to 0.8 mg/g fat in separated fat tissues. Other research has also documented arachidonic 
acid to be present in minute quantities in separated beef fat (Dugan, 1957). 
Overall, the interaction between feeding CLA on fatty acid composition was similar 
in both the rib or round lipids. Greater amounts of the polyunsaturated fatty acids (linoleic, 
linolenic, and arachidonic) were found in the lipids extracted from the lean. 
Glycerophospholipids (or phosphoglycerides) make up the majority of the lipids extracted 
from muscle (Hood and Allen, 1971; Voet, D. and J.G. Voet, 1995). Adipose tissue 
physically removed from rib and round tissues would consist of subcutaneous and 
intermuscular adipose tissue. The lipids in these tissues are mainly composed of 
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combinations of triacylglcerols (triglycerides or neutral fats). Additionally, these fatty acid 
triesters of glycerol are considered nonpolar (Voet, D. and J. G. Voet, 1995). 
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CHAPTER 5. CONCLUSIONS 
To conclude, it would appear that feeding calcium salts of CLA negatively affected 
performance of finishing steers. While there have been numerous studies using mice, rats, 
and pigs that have indicated increased growth and feed efficiencies by feeding CLA, results 
from the present study indicate that CLA-fed steers had lower dry matter intakes, grew 
slower, and were less efficient than control cattle. Unknown metabolic reductions in feed 
intake may be the overlying reason why dissected rounds from the CLA steers contained a 
higher percentage of lean tissue. The possibility is there for leaner animals to calculate into 
more dollars of profit for beef producers if marketed under certain new premium programs. 
For example, Laura's Lean Beef® will pay up to $0.11 per kg over the top of market price for 
lean cattle. This program offers additional bonuses for animals with a quality grade of select, 
choice, or any standard grade cattle with a REA that is greater than the USDA requirement 
based on carcass weight. Laura's Lean Beer® offered the first red meats to be certified by the 
American Heart Association for being low in fat, saturated fat, and cholesterol. 
In addition, this study further indicated that CLA could be significantly increased in 
bovine tissues when fed as calcium salts of CLA. Feeding CLA increased certain saturated 
and polyunsaturated fatty acids. More research is needed to determine exactly how CLA 
affects fatty acid deposition in beef cattle. 
CLA-enriched beef had equally acceptable levels of tenderness when measured with 
shear force values and judgments by a consumer sensory panel. The combined palatability 
and acceptability of CLA enriched beef should not negatively affect consumers' purchasing 
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decisions. Enriching tissues with CLA has the potential to greatly improve the nutritional 
quality of beef for human consumption. If CLA could be supplemented into beef diets 
economically, with minimal effects on performance, then availability of a leaner, more 
disease preventative meat product could be offered to consumers. 
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APPENDIX A. SENSORY PANEL EVALUATION FORM 
TENDERNESS nJICINESS 
8 Extremely tender 8 Extremely juicy 
7 Very tender 7 Very juicy 
6 Moderately tender 6 Moderately juicy 
5 Slightly tender 5 Slightly juicy 
4 Slightly tough 4 Slightly dry 
3 Moderately tough 3 Moderately dry 
2 Very tough 2 Very dry 
1 Extremely tough 1 Extremely dry 
SAMPLE TENDERNESS SCORE WICINESS SCORE 
1 
2 
3 
4 
5 
6 
7 
8 
Comments: 
Judge _________ _ 
Date ----------
FLAVOR INTENSITY FLAVOR 
8 Extremely intense 8 Extremely flavorful 
7 Very intense 7 Very flavorful 
6 Moderately intense 6 Moderately flavorful 
5 Slightly intense 5 Slightly flavorful 
4 Slightly bland 4 Slightly off-flavor 
3 Moderately bland 3 Moderately off-flavor 
2 Very gland 2 Very off-flavor 
1 Extremely bland 1 Extremely off-flavor 
FLAVOR INTENSITY SCORE FLAVOR SCOPE 
V, -
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APPENDIXB. 
TOTAL LIPID AND FATTY ACID ANALYSIS 
The following procedures are those ofFolch et al. (1957) with some modifications. 
Reference: Folch, J., M. Lees, and G.N. Sloan-Stanley. 1957. A simple method for the 
isolation and purification of total lipids from animal tissues. J. Biol. Chem. 226:497-
509. 
Reagents and Equipment 
Folch solution 1 :chloroform:methanol(2: 1) 
2-Tertiary-butyl-6-methylphenol (BHT) (450 mg/ml in acetone) 
0.88% NaCl (.88 g NACl/100 ml deionized water) 
Folch solution 2:chloroform:methanol:water (3:47:48) 
Nitrogen gas 
Analytical balance 
Polytron homogenizer 
50 ml tubes with Teflon-lined caps 
100 ml graduated cylinder with glass stopper 
Glass funnels 
Whatman #1 filter paper 
Glass scintillation vials with conical lids 
Heat block 
Procedure: 
1. Rinse all glassware with chloroform. 
2. Weigh.sample into a 16 mm X 150 mm glass culture tube (use 5 grams of feed or 2 
grams of tissue) and include a blank. 
3. Homogenize with 20 ml Folch solution 1 and 50 ul BHT. 
4. Rinse Polytron head once with 20 ml Folch solution 1. 
5. Cap tube and leave 2 hours at 4 °C. 
6. Filter sample through Whatman® 1 paper into a 100 ml graduated cylinder. 
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7. Rinse tube with 10 ml Folch solution 1 and rinse filter paper with 10 ml Folch solution 1. 
8. Add 25% volume (of solution in graduated cylinder) of0.88% NaCl solution to each 
cylinder. 
9. Stopper cylinder and shake 10 times to mix solution. 
10. Wash the inside of the cylinder with 10-ml Folch solution 2. 
11. After phase separation, record the lipid layer volume on the bottom of the cylinder. 
12. Suction off the top layer (methanol and water). 
13. Place 10 ml of F olch extract into dry preweighed scintillation vials. 
14. Record weight of sample. 
15. Set the vials on a 50°C hot plate and evaporate the chloroform under a stream of nitrogen 
gas. 
16. Weigh the vial and determine lipid weight. 
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APPENDIXC. 
FATTY ACID METHYLATION PROCEDURE 
The following is a modified procedure of Li et al. (1998). 
Reference: Li, Y., and B.A. Watkins. 1998. Conjugated linoleic acids alter bone fatty acid 
composition and reduce ex vivo prostaglandin E2 biosynthesis in rats n-6 or n-3 fatty 
acids. Lipids. 33(4):417-425. 
Procedure: 
1. Add 1 ml of ( dry) toluene to a known amount oflipid. 
2. Add 2 ml of 0.5M sodium methoxide in anhydrous methanol. 
3. Cap vial and mix. 
4. Put vials into a 50°C heat block for 10 minutes. 
5. Add 0 .1 ml of glacial acetic acid followed by 5 ml of deionized water. 
6. Cap vial and gently mix. 
7. Add 3 ml of hexane, which contains approximately 2 mg/ml of internal standard ( C 17: 1 
heptadecanoic acid). 
8. Cap vial and mix well. 
9. Allow for complete phase separation. 
10. Transfer the lipid-containing layer (top layer) to another vial (try to get at least 2.5 ml). 
11. Repeat steps 7-10 when methylating fat tissue samples. 
12. Add a small porcelain scoop of anhydrous sodium sulfate. 
13. Mix gently and allow crystals to settle. 
14. Transfer 1-ml amounts to GC vials and store at -20°C under nitrogen. 
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APPENDIXD. 
GAS CHROMATOGRAPH CONDITIONS 
Varian 3350 GC (Varian Chromatography Systems, Walnut Creek, CA) 
8200cx autosampler 
Column ID No. 6122926-J & W Scientific-Folsom, CA 95630-4714 
Film thickness - 0.25 um 
Column dimensions - 60m x 0.317 mm 
Lipid phase - DB-Wax capillary column 
Helium flow rate - 3.30 ml/min. 
Airflow rate - 320.70 ml/min. 
Hydrogen flow rate - 5.00 ml/min. 
Initial column temp. - 75°C 
Initial column hold time - 4.0 min. 
Program 1 Final column temp. - 180°C 
Program 1 column rate in degrees/min. - 20.0 
Program 1 column hold time - 0 min. 
Program 2 Final column temp. - 230°C 
Program 2 column rate in degrees/min. - 2.0 
Program 2 column hold time - 8.0 min. 
Program 3 Final column temp. - 231 °C 
Program 3 column rate in degrees/min. - 20.0 
Program 3 column hold time - 0.0 min. 
Injector temp. - 250°C 
Detector temp. - 220°C 
Flame Ionization Detector (FID) A initial attenuation- 8.0 
FID A initial range - 10.0 
Program 1 FID A time in min. - 42.50 
Program 1 FID A attenuation - 8.0 
Program 1 FID A Range - 10.0 
Autosampler sample volume in ul - 1.0 
Number oflnj./Calib. per vial- 1.0 
Injections per analysis vial - 1.0 
Program 1 amount of standard - 1.0 
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APPENDIXE. 
WARNER-BRATZLER AND LIPID OXIDATION ANALYSIS 
Warner-Bratzler shear force of steaks. 
Diets 
Item Control 1.0% 2.5% 
Shear force 
WBSe on day lr, 2.59a 3.31b 2.67a 
WBS on day 2, 2.93a 3.ooa 2.97a 
WBS on day 3, 2.80a 3.25a 3.08a 
WBS on day 7, 2.72a 2.85a 2.86a 
Treatment Dayl Day7 
Control 2.59a 2.72a 
1.0% 3.31a 2.85a 
2.5% 2.67a 2.86a 
a,b Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
e WBS refers to Warner-Bratzler shear force, kg/force. 
f Days refer to the number of days aged in the self-serve cooler at 2°C . 
Results of lipid oxidation analysis. 
Item 
TBAr, day 16 
TBA, day2 
TBA, day3 
TBA, day7 
Control 
0.75a 
1.23a 
1.54a 
3.33a 
Diets 
1.0% 
1.49b 
1.88a 
2.40a 
3.93a 
2.5% 
0.84a 
1.37a 
1.93a 
3.15a 
a,b Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
e Days refer to the number of days aged in the self-serve cooler at 2°C. 
r Thiobarbituric acid (TBA), mg malenaldehyde/kg muscle. 
SEMC 
0.17 
0.14 
0.20 
0.16 
SEM 
0.16 
0.16 
0.18 
0.22 
0.27 
0.32 
0.49 
LSDd 
0.49 
0.41 
0.57 
0.47 
LSD 
0.47 
0.47 
0.54 
0.63 
0.79 
0.94 
1.42 
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APPENDIXF. 
CONCENTRATION OF FATTY ACIDS IN RIB FAT AND 
LEAN 
Fatty acids in lipids extracted from separated rib fat. 
Fatty Acid (mg/g fat) 
Myristic 
Palmitic 
Stearic 
Oleic 
Linoleic 
Linolenic 
Conjugated linoleic 
Arachidonic 
Control 
23.la 
170.4a 
76.0a 
268.2a 
15.6a 
1.5a 
5.5a 
0.7a 
Diets 
1.0% 
28.2a 
179.2a 
88.9a 
240.4a,b 
20.0b 
1.6a 
12.8b 
0.7a 
2.5% 
36.31', 
194.5a 
97.3a 
230.2b 
17.2a,b 
1.4a 
20.4c 
0.7a 
a,b,c Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
Fatty acids in lipids extracted from rib lean. 
Diets 
Fatty Acid (mg/g fat) Control 1.0% 2.5% 
Myristic 21.6a 22.5a;b 24.8b 
Palmitic 163.la 156.4a 158.8a 
Stearic 84.la 89.6a 91.la 
Oleic 257.7a 218.8b 218.2b 
Linoleic 28.4a 34.7b 31.4a,b 
Linolenic 4.6a 5.0a 4.7a 
Conjugated linoleic 5.2a 8.2b 12.4c 
Arachidonic 9.1 a 9.3a 10.4a 
a,b,c Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
2.03 
9.77 
8.43 
11.80 
1.36 
0.10 
1.91 
0.05 
1.09 
5.94 
4.13 
9.16 
2.03 
0.26 
0.91 
0.76 
5.87 
28.35 
24.44 
34.20 
3.94 
0.28 
5.53 
0.15 
3.17 
17.23 
11.96 
27.85 
5.89 
0.75 
2.64 
2.21 
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APPENDIXG. 
CONCENTRATION OF FATTY ACIDS IN ROUND FAT AND 
LEAN 
Fatty acids in lipids extracted from separated round fat. 
Diets 
Fatty Acid (mg/g fat) Control 1.0% 2.5% 
Myristic 19.8a 23.8a,b 26.7b 
Palmitic 142.5a 160.3a 162.0a 
Stearic 69.5a 90.0a 77.5a 
Oleic 235.0a 240.3a 231.2a 
Linoleic 13.3a 17.6b 14.5a,b 
Linolenic 1,5a 1.8b l.6a,b 
Conjugated linoleic 5.4a 10.8b 16.5c 
Arachidonic 0.8a 0.8a 0.8a 
a,b,c Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
Fatty acids in lipids extracted from round lean. 
Fatty Acid (mg/g fat) 
Myristic 
Palmitic 
Stearic 
Oleic 
Linoleic 
Linolenic 
Conjugated linoleic 
Arachidonic 
Control 
18.7a 
143.9a 
72.la 
262.5 a 
30.la 
4.6a 
6.3a 
10.5a 
Diets 
1.0% 
19.4a 
138.5a 
80.la 
227.7b 
33.3a 
5,2a 
10.2b 
10.3a 
2.5% 
21.oa 
141.6a 
81.3a 
214.5b 
30.3a 
4.7a 
12.6b 
9.5a 
a,b,c Means within a row with different superscripts differ (P < .05). 
c Standard error of the mean. 
d Least significant difference (P < .05). 
SEMC 
1.62 
8.95 
7.87 
12.54 
1.10 
0.11 
1.39 
0.93 
5.45 
4.48 
8.32 
1.95 
0.26 
0.89 
0.61 
LSDd 
4.70 
25.96 
22.82 
36.35 
3.17 
0.32 
4.02 
2.68 
15.80 
13.00 
24.11 
5.64 
0.75 
2.58 
0.61 
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